Abstract Background: Gallbladder cancer (GBC) is an uncommon neoplasm in the United States, but one with high mortality rates.This malignancy remains largely understudied at the molecular level such that few targeted therapies or predictive biomarkers exist. Experimental Design: We built the first series of serial analysis of gene expression (SAGE) libraries from GBC and nonneoplastic gallbladder mucosa, composed of 21-bp long-SAGE tags. SAGE libraries were generated from three stage-matched GBC patients (representing Hispanic/ Latino, Native American, and Caucasian ethnicities, respectively) and one histologically alithiasic gallbladder. Real-time quantitative PCR was done on microdissected epithelium from five matched GBC and corresponding nonneoplastic gallbladder mucosa. Immunohistochemical analysis was done on a panel of 182 archival GBC in high-throughput tissue microarray format. Results: SAGE tags corresponding to connective tissue growth factor (CTGF) transcripts were identified as differentially overexpressed in all pairwise comparisons of GBC (P < 0.001). Realtime quantitative PCR confirmed significant overexpression of CTGF transcripts in microdissected primary GBC (P < 0.05), but not in metastatic GBC, compared with nonneoplastic gallbladder epithelium. By immunohistochemistry, 66 of 182 (36%) GBC had high CTGF antigen labeling, which was significantly associated with better survival on univariate analysis (P = 0.0069, log-rank test). Conclusions: An unbiased analysis of the GBC transcriptome by SAGE has identified CTGF expression as a predictive biomarker of favorable prognosis in this malignancy. The SAGE libraries from GBC and nonneoplastic gallbladder mucosa are publicly available at the Cancer Genome Anatomy Project web site and should facilitate much needed research into this lethal neoplasm.
Gallbladder carcinoma (GBC) is the second most common malignancy of the hepatobiliary tree (1). The annual incidence of GBC in the United States is less than 5,000 new cases (2) . Worldwide, however, GBC continues to have high rates of incidence, as well as mortality, particularly in pockets of South America, Far Eastern and Southeast Asia, and Eastern Europe (3) . GBC shows notable ethnic and gender biases. For example, in the United States, incidence rates of GBC are highest in females of Native American Indian background (14.5 per 100,000), followed by Hispanics (6.8 per 100,000) and nonHispanic Whites (1.4 per 100,000; ref. 4) . These findings have been replicated in other populations showing a high prevalence of GBC, especially in Chile, where the Native American Indian (''Mapuche Indian'') have one of the highest incidence and mortality rates in the world (5) . Gallstone disease, and attendant chronic cholecystitis, remains the most important recognized risk factor for GBC, with up to 85% of resected gallbladders for GBC harboring stones (5) . Most cases of GBC are diagnosed at an advanced stage, and in concert with the observed resistance to most conventional chemotherapeutic modalities available, the prognosis of GBC remains poor, with a 5-year survival of <15% (5) . Thus, a better understanding of the molecular pathogenesis of GBC will enable identification of molecular targets that can form the basis for rational early detection and therapeutic strategies.
Serial analysis of gene expression (SAGE) enables unbiased and quantitative analysis of cellular transcriptomes (6) . Unlike microarrays, SAGE does not require a priori knowledge of the queried transcripts, and therefore is both a platform for quantification and for gene discovery. SAGE libraries are composed of short nucleic acid sequences or ''tags'' that are concatemerized for the purposes of sequencing; the tags correspond to unique transcripts or expressed sequences in the transcriptome, and the frequency of tags within the library corresponds to the absolute transcript abundance. Since its first description in 1995 (7), SAGE has been used for comprehensive profiling of a multitude of neoplastic and nonneoplastic cellular states (8) . Furthermore, the original SAGE protocol has undergone incremental improvements, including the development of so-called long SAGE (L-SAGE) protocols, which uses tags of greater sequence length (21 bp), permitting a higher degree of specificity in alignment to the human genome and, therefore, of transcript annotation (9) .
In this article, we have generated the first panel of publicly available SAGE libraries of GBC from three distinct ethnic backgrounds (Caucasian, Hispanic/Latino, and Mapuche Indian) along with nonneoplastic gallbladder tissue. Our study identifies a plethora of dysregulated genes and signaling pathways in GBC and, in particular, identifies the transforming growth factor h (TGF-h) pathway target gene connective tissue growth factor (CTGF) as abrogated in this malignancy. We confirm the differential expression of CTGF protein in surgical specimens of GBC by immunohistochemistry and show that cancers with retained CTGF expression harbor a favorable prognosis. The online availability of SAGE libraries from GBC should facilitate research into the molecular pathogenesis of this neoplasm and, further, allow researchers to interrogate the potential genetic differences in GBC arising in diverse ethnicities.
Materials and Methods
Procurement of tissue samples for SAGE. The experimental samples used were de-linked from direct patient identifiers and met the exemption criteria for human subject research. SAGE analysis was done on three snap-frozen GBC samples and one nonneoplastic gallbladder specimen (Supplementary Table S1 ). The three GBC samples were obtained, respectively, from a self-identified Hispanic/Latino female undergoing open cholecystectomy at Pontificia Universidad Catolica de Chile Hospital, Chile (sample designated ''H''); from a self-identified Native American Indian female (Mapuche Indian, with both parents from the same ethnic background) undergoing open cholecystectomy at Temuco Regional Hospital, Chile (sample designated ''M''); and from a non-Hispanic White (Caucasian) male whose snap-frozen GBC was obtained from the Cooperative Human Tissue Network in the United States (sample designated ''C''). To reduce confounding variables due to the stage of lesion, the three cases selected were American Joint Committee on Cancer stage IIa/IIb adenocarcinomas. Cryo-molds were prepared from all three snap-frozen specimens, and neoplastic cellularity of >70% was verified on corresponding H&E sections by two pathologists (A.M. and P.A.) before homogenization for mRNA extraction (see below; Supplementary Fig. S1A ). A snap-frozen alithiasic gallbladder was obtained from a self-identified Hispanic/Latino woman undergoing gastrectomy for gastric cancer at Sotero del Rio Hospital, Chile (sample designated ''N''). The absence of tumor cells and chronic inflammation in this control sample was corroborated by extensive gallbladder mapping and histology. The integrity of the total RNA was confirmed with the 2100 Bioanalyzer (Agilent) in all samples before library preparation (Supplementary Fig. S1B ).
Preparation of L-SAGE libraries and bioinformatics analysis. Total RNA from the four snap-frozen specimens was isolated with the RNAgents kit (Promega) according to the manufacturer's instructions. L-SAGE libraries were constructed with NlaIII as the anchoring enzyme and MmeI as the tagging enzyme, as previously described (9) . At least 3,456 pZero-1 plasmid clones were sequenced for each of the four libraries as part of the Cancer Genome Anatomy Project SAGE project 9 (10) . The Cancer Genome Anatomy Project ''SAGE Tag Extraction Tool'' was used to extract SAGE tags and linker sequences used in library construction. Human SAGE libraries were generated at an approximate resolution of 78,000 SAGE tags per library, and as a ''first-pass'' filtration, sequences occurring only once with multiple annotations to the genome were removed from further analysis. Before analysis, all SAGE libraries were normalized to 200,000 tags. Statistically significant pairwise comparison was done using the web tool described by Romualdi et al. (11) . We first calculated the ratio of tag counts for each transcript in the three individual GBC libraries over the representation of the same individual tags in the normal library and identified differentially expressed SAGE tags at a significance level of P < 0.001 (Audic and Claverie test). As an additional enrichment step following this individual pairwise analysis, we digitally extracted tags that were significantly different across all comparisons (P < 0.001). This subset of highly significantly differentially expressed SAGE tags in GBC versus normal gallbladder represented an enriched candidate list of transcripts for subsequent validation. In addition to pairwise comparison, we also performed two-way (by genes and samples) unsupervised hierarchical clustering to examine the relationship among the three ethnically diverse GBC specimens. SAGE data management, tag to gene matching, as well as additional gene annotations and links to online resources (UniGene, LocusLink, etc.) were done using the SAGE Genie and SAGEmap tools (10, 12) . For automated functional annotation and pathway analysis of genes of interest, the web tool Pathway Explorer was used (13) . The library information and tag counts are publicly available at the Cancer Genome Anatomy Project SAGE Genie web site. 9 Microdisssection of gallbladder samples for real-time PCR validation. An additional eight snap-frozen gallbladder specimens were collected from surgically resected specimens at Pontificia Universidad Catolica de Chile Hospital with the intent of microdissection and RNA extraction for real-time PCR validation. The eight snap-frozen cases included five matched pairs of primary GBC and associated nonneoplastic gallbladder epithelium and three unmatched metastatic samples; histologic documentation of lesional tissue was confirmed on the cryosections in all instances. Cryosections (8 Am) were placed on 1-mm polyethylene naphthalate membrane -covered slides, and cells of interest were isolated by laser microdissection and laser pressure catapulting (P.A.L.M. Microlaser Technologies AG), as previously described (Supplementary Fig. S2 ; ref. 14). Total RNA was isolated from 1,500 to 2,500 cells with the Picopure RNA Isolation Kit (Molecular Devices) according to the manufacturer's instructions. Reverse transcription was done with SuperScript II Reverse Transcriptase (Invitrogen) and quantitative PCR was done on cDNA templates on the 7300 Real-time PCR machine (Applied Biosystems) with SYBR Green PCR Master Mix from Applied Biosystems. Primer pairs used were, for GPD1 (housekeeping gene), sense AGGGGGGAGCCAAAAGGG and antisense TGCCAGCCCCAGCGTCAAAG, and for CTGF, sense TGGCAGGCT-GATTTCTAGGT and antisense GGTGCAAACATGTAACTTTTGG. All quantitative PCR experiments were done in triplicate. Analysis of relative gene expression changes was done with the 2 -DDCT method. GBC tissue microarray and patient demographics. Archival formalinfixed samples of resected GBC were retrieved from the surgical pathology archives of the two Chilean institutions, including 37 GBC samples derived from Hispanic/Latino patients operated at Pontificia Universidad Cató lica de Chile Hospital and 138 GBC samples (88 Hispanic/Latino and 50 Mapuche Indian samples) from Temuco Regional Hospital. Tissue microarrays for immunohistochemistry were generated from these samples. An additional seven GBC specimens (obtained from two Asian and five non-Hispanic White patients) were arrayed on a previously described biliary cancer tissue microarray prepared at Johns Hopkins, and these were also included in the analysis. Overall, a total of 182 archival GBC collected over an 8-y period were used, which included tumors obtained from 125 Hispanic, 50 Mapuche Indian, 5 non-Hispanic Whites, and 2 Asian patients. There were 32 men and 150 women, and the mean age was 67 y (range, 30-95 y) and 63 y (range, 31-93 y), respectively. Most of the tumors were ''advanced'' GBC with invasion of the gallbladder subserosa (129 cases, 71%) and serosa (48 cases, 26%), with only a minority (5 cases, 3%) classified as ''early'' GBC (mucosa or muscularis propria invasion). By histologic grade, 46 (25%) GBC were well differentiated, 81 (45%) moderately differentiated, and 55 (30%) poorly differentiated. Postoperative follow-up was available on 170 of 182 (93%) cases, and these were used for Kaplan-Meier survival and Cox regression analyses.
Immunohistochemical staining. Unstained 4-mm sections were cut from each tissue microarray and deparaffinized before treatment with 200-mL antigen retrieval solution, pH 6.0, for 15 min at 95jC. After cooling for 30 min, slides were quenched with 3% H 2 O 2 for 10 min before incubation with the goat polyclonal anti-CTGF antibody (1:100 dilution; clone L-20, Santa Cruz Biotechnology) for 120 min at room temperature. Labeling was detected with the DakoCytomation DAB system according to the manufacturer's protocol. All sections were counterstained with Harris' hematoxylin. Immunohistochemical labeling was assessed in an outcome-blinded fashion by two of the authors (H.A. and A.M.) on a compound microscope. CTGF is expressed in the cytoplasmic compartment with membranous accentuation (15) . Based on intensity of labeling in the neoplastic cells, a four-tier numerical scheme (0, absent; 1, mild; 2, moderate; 3, intense) was used for evaluation; in cases with heterogeneous labeling intensity, the case was classified based on the predominant pattern of expression in the neoplastic cells. Subsequently, the 182 GBC were classified as ''absent/ low'' CTGF expressers (intensity of 0-1) or ''high'' CTGF expressers (intensity of 2-3).
Statistical analysis. Associations between CTGF expression and other clinicopathologic variables were assessed by Pearson's m 2 , Mann-Whitney, and Fisher's exact tests. Survival analysis was done using the Kaplan-Meier method and compared using the log-rank test. The proportional hazard regression analysis for predictors of survival was assessed with the Cox regression model. Significant values were defined as P < 0.05 (SPSS).
Results
Identification of differentially expressed SAGE tags in GBC. In the four libraries, 312,622 L-SAGE tags (21-bp length; range, 66,988-85,706 tags) were generated, of which 105,927 (33%) tags were unique. The numbers of tags and unique tags for each library are shown in Supplementary Table S2 . We compared SAGE tags from each of the three GBC libraries with the normal alithiasic gallbladder tissue (N) by pairwise analysis. The results of these pairwise comparisons (significance level of P < 0.001) are summarized in Table 1 . To further enhance the stringency of our analysis and elucidate an enriched subset of differentially expressed transcripts in GBC, we identified SAGE tags that were significantly different in all three pairwise comparisons 
In this stringent analysis, a larger number of SAGE tags were significantly down-regulated (n = 93) versus up-regulated tags (n = 11) in GBC compared with nonneoplastic gallbladder, and the results are tabulated in Table 2 and Supplementary  Table S3 for up-regulated and down-regulated tags, respectively. Many of the corresponding genes identified as differentially overexpressed in GBC (e.g., S100P, b 2 -microglobulin, annexin A2, keratin 17, and CTGF) have previously been reported to be overexpressed in human cancers (16 -21) , underscoring the overall validity of our approach; these transcripts represent novel candidates that have a high likelihood of becoming clinically relevant biomarkers for GBC. Of note, the maximal fold change in GBC versus nonneoplastic gallbladder was observed for the SAGE tag corresponding to the human homologue of the yeast MER3 gene (hHFM1), a RecQ-like helicase involved in meiosis (22) . The gene product of HFM1 is an evolutionarily conserved helicase predominantly expressed in the gonads, and it is postulated to play a role in the maintenance of genomic stability during meiosis (23) . To the best of our knowledge, this is the first demonstrable association between hHFM1 and human cancer.
Using a subset of 956 most highly up-regulated or downregulated SAGE tags in pairwise comparisons at the P < 0.001 significance level, we performed unsupervised clustering using the TM4 software (24) to determine the relatedness of the three adenocarcinoma and one nonneoplastic libraries. Remarkably, hierarchical clustering revealed that the H and N samples, both obtained from patients of Hispanic/Latino ethnicity, were most similar to each other, despite the obvious differences in their histology (Fig. 1A) . In contrast, the two remaining adenocarcinomas clustered separately, although the Mapuche Indian GBC had a greater degree of relatedness to the Hispanic/Latino expression profile than to the non-Hispanic White (Caucasian) GBC (Fig. 1B) . Whereas the sample numbers preclude us from generalizing the results of this analysis, it suggests that, independent of the underlying histology, the ethnic background of the individual likely has a profound influence on global expression profile and, hence, sample relatedness on cluster analysis.
CTGF is overexpressed in microdissected primary GBC but not in metastatic tissues. From the enriched list of significantly overexpressed genes in GBC (Table 2) , we selected CTGF for further validation by real-time quantitative PCR and immunohistochemistry. Microdissected epithelial cells were isolated from five primary GBC samples, matched uninvolved gallbladder mucosa adjacent to the cancers, and three unmatched metastasis samples. Real-time quantitative PCR analysis confirmed that CTGF is overexpressed in primary GBC compared with nonneoplastic gallbladder epithelium in all five of five cases ( Fig. 2A) . When the fold changes were averaged, there was significant up-regulation of CTGF (P < 0.05) in primary GBC versus nonneoplastic epithelium (Fig. 2B) . Of note, CTGF transcript levels were not significantly different in the three metastasis samples compared with nonneoplastic gallbladder epithelium, suggesting that the observed CTGF mRNA overexpression is restricted to the primary cancers and is subsequently down-regulated on tumor progression.
CTGF protein is overexpressed in GBC and correlates with improved survival. Immunohistochemistry for CTGF protein was done in our series of GBC tissue microarrays. CTGF labeling was absent/low in 6 of 6 (100%) nonneoplastic gallbladder control tissue cores on the tissue microarrays (Fig. 3A) , including in areas of pyloric metaplasia (Fig. 3B) . Of the 182 GBC cases analyzed, 116 (64%) had low/absent CTGF expression, whereas 66 (36%) showed high CTGF levels ( Fig. 3C and D) . No correlation was observed between CTGF expression levels and a variety of clinicopathologic variables (Supplementary Table S4 ) including gender, age, ethnicity, tumor differentiation, degree of infiltration, tumor-nodemetastasis classification, or American Joint Committee on Cancer stage. Follow-up survival data was available on 170 of 182 patients whose GBC were assessed for CTGF expression. Patients with absent or low CTGF labeling (n = 110) had a Research.
on April 13, 2017. © 2008 American Association for Cancer clincancerres.aacrjournals.org Downloaded from median survival of 1.1 years, whereas patients with high CTGF labeling (n = 60) had a median survival of 3.5 years. Thus, high CTGF expression in the primary GBC was significantly associated with better survival (P = 0.0069, log-rank test; Fig. 4) . In univariate analysis, besides CTGF, other significant predictors of survival in GBC included degree of infiltration of the tumor, T classification, metastasis status, and American Joint Committee on Cancer stage (Supplementary Table S5 ). In the multivariate Cox regression analysis, degree of infiltration and metastases retained their significance (P = 0.004 and P = 0.001, respectively), but CTGF expression was borderline nonsignificant (P = 0.068) as an independent factor in predicting survival (Supplementary Table S6) .
Discussion
SAGE provides an unbiased and quantitative approach toward identifying differentially expressed transcripts in human neoplasms, facilitating discovery of cancer biomarkers, imaging targets, and therapeutic avenues (6, 8) . For example, in 2001, our group used SAGE to first identify mesothelin as an up-regulated transcript in pancreatic cancer; the gene product of mesothelin is a glycosylphosphatidylinositol-anchored protein (25) . Since that time, mesothelin expression has been used as an adjunct in cytologic diagnosis (26) , as a candidate biomarker for early detection of pancreatic cancer (14) , as a potential therapeutic target using monoclonal antibodies, and as the target of adoptive immunotherapy in patients receiving adjuvant vaccination against pancreatic cancer (27) . A comparable success has been achieved for prostate stem cell antigen, the transcript overexpression of which was also first identified by our group in SAGE libraries of pancreatic cancer (25) . Prostate stem cell antigen expression has been used as an adjunct in cytologic diagnosis (26) and as a target of pancreatic cancer immunotherapy (28) . In addition to immediate translational effect, SAGE also provides novel insights into basic cancer biology, such as understanding of tumor-stroma relationships and mechanisms of tumor progression (29) .
In this study, we used 21-bp L-SAGE to generate libraries from three ethnically diverse GBC and one nonneoplastic gallbladder mucosa. In addition to a GBC derived from a nonHispanic White (Caucasian) individual, we also selected samples of Native American (Mapuche Indian) and Hispanic/Latino heritage because these populations show a significantly higher propensity for developing GBC (5) . Hierarchical clustering of the four libraries using the top 956 maximally dysregulated SAGE tags unexpectedly showed a greater degree of relatedness of the Hispanic/Latino adenocarcinoma to the unmatched Hispanic/Latino normal mucosal sample than to the two remaining adenocarcinomas derived from Mapuche Indian and Caucasian backgrounds. The current prohibitive costs of large-scale automated sequencing (as required for SAGE libraries) preclude us from extrapolating this preliminary observation to additional cancer and normal samples obtained from diverse ethnicities. Nevertheless, there is emerging evidence that underlying ethnicity has profound influence on gene expression profiles (30 -32) , with as many as a quarter of the genes in the human genome displaying significant differences in expression between populations (30). Therefore, in terms of gene expression relatedness, the commonality of a Hispanic/Latino background in two samples seems to circumvent their differences in histology (normal versus cancer) when compared with two ethnically unrelated cancer samples. Of note, other genetic discrepancies are also present in cancers arising in different ethnic backgrounds (33) , and multiethnic studies of the type reported here may be necessary to obtain the complete genetic spectrum for a given neoplasm.
Using highly stringent analysis criteria, we identified SAGE tags corresponding to CTGF as being significantly overexpressed in GBC compared with nonneoplastic gallbladder mucosa. We confirmed the significant overexpression of CTGF transcripts in microdissected GBC compared with nonneoplastic gallbladder epithelium, but we were unable to show overexpression in metastatic samples. Finally, we confirmed immunohistochemical overexpression of CTGF protein at high levels in 36% of archival GBC and showed that cancers with high CTGF had a significantly better outcome than low/absent CTGF expressers on Kaplan-Meier survival analysis (P = 0.0069). CTGF, also known as CCN2, is a member of the CCN family, which derives its acronym from the initials of CTGF, Cyr61, and Nov, comprising the three genes represented in this family (34) . CTGF is up-regulated by a multitude of extracellular stimuli, including hypoxia and TGF-h signaling (35, 36) . CTGF has been implicated in a broad range of functions in vivo, such as proliferation, migration, and angiogenesis, as well as growth regulation of mesenchymal cells (36) . CTGF is overexpressed in several solid cancers including breast, colorectal, lung, esophageal, and pancreatic cancers, melanoma, and gliomas (15, 20, 21, 37 -43) ; to the best of our knowledge, this is the first report of CTGF overexpression in GBC. In the vast majority of published studies, CTGF is expressed in the neoplastic cells themselves, with or without accompanying stromal expression, which is concordant with our own observations in GBC. The functional implications of neoplastic CTGF overexpression seem to be context dependent in terms of the tumor type. For example, in breast cancers, high CTGF levels have been correlated with the presence of osteolytic metastases (20, 37) ; similarly, CTGF overexpression is associated with tumor progression and/or adverse prognosis in gliomas (43) , esophageal adenocarcinomas (41) , and pancreatic cancer (21) . On the contrary, and in concordance with our own findings in GBC, CTGF overexpression is associated with metastasis inhibition and is a favorable prognostic marker in colorectal cancers (39) , non -small cell lung cancers (15, 40, 44) , and in some studies on primary breast cancers (38) . Recent studies in lung cancer models suggest that the metastasis inhibition by CTGF is mediated through degradation of hypoxia inducible factor 1a and consequent reduced angiogenesis (44) . Of note, in our study, CTGF overexpression was observed in primary cancers, but its expression was reduced to levels comparable to that of normal gallbladder epithelium in metastatic lesions. The basis for this dichotomy is unclear, and may represent differing requirements or roles for CTGF during tumor development and during progression. For example, TGF-h is implicated as a tumor suppressor during the early stages of multistep tumor progression, but it is also known to function as a proangiogenic and metastasispromoting molecule during the later stages of tumorigenesis (45) . Functional studies in GBC cell lines are warranted to elucidate how modulation of endogenous CTGF levels affects tumor initiation and progression.
In addition to the ''single gene'' validation of CTGF, we have preliminarily mined the SAGE libraries for known and putative abrogated signaling pathways in GBC, using a web-based Pathway Explorer tool (13) . For example, Kiguchi and colleagues have recently described a unique transgenic model of GBC that develops on aberrant c-erbB2 expression from a bovine keratin BK5 promoter (46) . Subsequent studies by this group have established that the oncogenic mammalian target of rapamycin (mTOR) pathway is up-regulated in the resulting murine GBC, and that rapamycin, a specific mTOR smallmolecule inhibitor, can significantly reduce tumorigenesis in the BK5.erbB2 model (47) . Our group has also previously reported activation of the mTOR pathway in human biliary tract cancer cell lines using oligonucelotide-based (Affymetrix) microarrays (48) . Therefore, we performed an in silico analysis of the mTOR pathway using the GBC SAGE data sets. We found transcriptional up-regulation of multiple mTOR pathway genes, including SAGE tags corresponding to FRAP1/mTOR itself, as well as upstream and downstream activating pathway components (AKT1, RPS6KA1, EIF4E, and RHEB) in the GBC libraries versus the nonneoplastic gallbladder library, thus confirming the consistency of this observation across multiple expression platforms and model systems. Analysis modules that can interrogate large-scale databases for in silico identification of enriched gene sets and ''druggable'' pathways (49) should allow further mining of the GBC SAGE libraries for aberrantly activated signaling pathways like mTOR. These pathways could be targeted in relevant preclinical models of GBC, such as xenografts or in BK5.erbB2 mice, as a preamble toward eventual clinical translation.
In summary, we have generated a panel of multiethnic SAGE libraries of GBC and identified CTGF expression as a prognostic biomarker in this neoplasm. The availability of these libraries on the Cancer Genome Anatomy Project SAGE Genie web site will allow scientists to query the expression data for biomarkers and therapeutic targets in GBC and will facilitate a better understanding of signaling pathways involved in gallbladder carcinogenesis occurring in distinct ethnic backgrounds. Finally, the first normal gallbladder SAGE library we have generated is a potential source for identifying tissue specific transcripts, as done recently in mice and human SAGE data sets (50); such tissue-specific transcripts are the seedbed for developing genetically engineered animal models that recapitulate the cognate human disease.
